With the ascending growth in car acquisitions worldwide, there is also an increase on environmental pollution. It is very important to control the various factors that have an impact on this situation. Therefore, this paper had the goal of promote an efficient reverse logistics system, aiming to reuse the residual car lubricant oil in bottles after being used. The analysis were made with the intent of establishing a proper treatment to inappropriate discarded oil and reinsert it in the market, contributing to the economic balance and to a sustainable development between society and companies. The impacts on environment by residual lubricant oil in used bottles were presented and the boundary layer after full oil drain was calculated. Samples were collected from a gas station in order to quantify the volume of the generated residual oil after the oil change, and also the time for full residual oil drain was measured. Results show that each 1 L used lubricant oil bottle has approximately 20 mL of unused residual oil.
INTRODUCTION
It is of utmost importance to preserve and assure ideal conditions to the environment. Today, society and companies have been preponderantly discussing ways to minimize impacts on the various ecosystems. The economic imbalance generated from the rapid growth in production and outflow of products to the market significantly contributes to the pollution of water resources and springs, the extinction of animal and plant species and in the misuse of non-renewable energy resources.
The unceasing search for higher comfort and well-being standards reflects on this economic imbalance. According to Giucci (2004) , in Europe this started with the invention of cars in the late nineteenth century, that conquered the market and society's sympathy, becoming an object of necessity and desire for consumers. The bottles sold in gas stations containing residual oil are kept in appropriate spaces until being discarded by outsourced companies. However, in most
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As stated by Pinheiro et al. (2017) , the main harmful contaminants present in residual lubricant oil are heavy metals, poly-chlorinated hydrocarbons (PCB) and poly-aromatic compounds (PAH), which are highly toxic to human health and can cause damage to the environment if not disposed and treated properly. Also, it is reported that waste lubricant oil is the most significant liquid hazardous waste stream in Europe. This demonstrates the impact that improper oil discard can have on the environment.
In Brazil, the Conama Resolution N°362/2005 and Nº 450/2012 requires that used or contaminated lubricant oil must be properly destined without any harm to the environment. A reverse logistics system must be adopted, according to Article 33 from the 12.305/2010 act from the National Policy of Solid Waste for lubricant oil and its bottles. Yet, there is also a concern on how to properly implement such system, for it is very complex and requires an efficient infrastructure to work as intended, as mentioned by (Demajorovic, 2015) .
The objective of this work was to collect bottles of used lubricant oil in gas stations, and analyze and quantify the wastes generated in car oil changes. The necessary time to extract the residual oil from bottles was then measured. This paper also recommends a feasible solution to the lubricant oil wastes problem that, in this case, is a reverse logistics system.
MATERIAL AND METHODS
This study was conducted in São Gonçalo, state of Rio de Janeiro, in a gas station from which the samples (used lubricant oil bottles) were collected for research. The climate of the region is tropical, with summer having higher rainfall levels than winter. The city is classified as AW in the Köppen-Geiger climate classification system. The average temperature is 23.3 °C, and the average annual precipitation is 1257 mm.
This study was an exploratory research because the addressed subject did not present results from previous studies with the same goals of this experiment. The goal of exploratory researches is to generate more information on the addressed subject and to provide easiness by limiting the topic to be studied. Since data was also collected to develop this experiment, this study can also be considered a descriptive research, which has the goal of register, analyze, sort and interpret facts without any interference from the researcher. The approach for this study was quantitative, using statistical methods to analyze the problem and then reach a conclusion.
Method for information gathering and sample selection
To carry out this research, thirty 1 liter bottles of F1 MASTER Ipiranga (20w40) car lubricant oil were collected, with API (American Petroleum Institute) performance specification SF, where "S" stands for Sparks, that is, spark plugs for gasoline, alcohol or CNG combustion engines, and the letter "F" refers to the overall quality of the additives found in the lubricant oil. The collected samples were taken to the Thermo-science Lab at UFF (Fluminense Federal University). The process was conducted in the following way: the 30 bottles were randomly selected for 3 distinct treatments, with a total of 10 samples per treatment. To determine the residual volume in each bottle, 10 graduated cylinders and 10 funnels were used to collect to residual oil remaining in the used bottles. The bottles were turned upside down on the funnel, that was fixed on top of the beaker. This way, the residual oil flowed through the funnel into the beaker. Figures 1 below illustrate the above mentioned arrangement and the lubricant oil bottle, respectively.
The samples were collected within a 6-day period. During that time, the content from samples 1 to 10 was analyzed for 2 days (48 hours), samples 11 to 20 for the next 2 days and samples 21 to 30 in the last 2 days. Each bottle was kept in a vertical position in order that the oil was fully drained during the 48 hours period (Table 1) . Table 2 shows the start and end dates for each sample collection. Afterwards, the boundary layer from the residual oil inside the bottles after 48 hours of flow was measured. Equation 1 is used to obtain the perimeter of a circle, Equation 2 to obtain the thickness of the oil blade flowing from the bottle and Equation 3 is used to obtain the boundary layer of the oil (Halliday, 1997; White, 2006) : Where: P is the perimeter; Δlam is the thickness of the oil blade; µ is the dynamic viscosity; ρ is the volumetric density; g the gravitational force; Vmin is the minimum flow velocity; Clim represents the boundary layer; Alat is the lateral area.
RESULTS AND DISCUSSION
The results from this study are presented below. In the gas station where the bottler were collected approximately 850 liters of lubricant oil sold monthly. Residual lubricant oil obtained from 30 samples were collected and analyzed, that is approximately 3.5% from the total number.
The residual lubricant oil volume obtained from the collected samples are presented on Table 3 .
If we scale these results to the total lubricant oil amount sold in one month by the gas station, a total of 27.16 liters of residual oil is generated each month. This number shows that the amount of oil being incorrectly destined into nature is significant because the pollution to soil and water springs due to improper dump of 1 ton of used oil is equivalent to the domestic sewage of 40 thousand people (AmbienteBrasil, 2001) .
Determining the necessary time for complete residual oil outflow from the bottles
The procedure consisted of three phases, where treatments T1, T2 e T3 were observed for 48 hours each. The first and second day of each analysis were compared to check for volume changing in the beakers. After these observations, it was noticed that there was no significant change in volume after the first 24 hours of flow (Table 4) . 
Determining the boundary layer of the remaining oil inside the bottle after 48 hours of flow
The table below presents the calculated values for the boundary layer of the remaining oil after the 48 hours flow (Table 5) .
It is concluded that the necessary time for the complete residual oil drain is 24 hours. However, even after this period there will still be an oil film inside the bottle, called boundary layer, which won't be drained due to the acting vertical force on the liquid being extremely weak. Therefore, even with the complete residual oil drain, the amount of lubricant oil on the boundary layer is significant when considering the amount of bottles beings sold worldwide. It is also important to notice that, according to SABESP, 1 liter of oil can contaminate up to 25 thousand liters of water.
In the gas station, the used lubricant oil bottles are collected and sent to an outsourced company that are accredited by the National Petroleum Agency (ANP). The bottles are stored in plastic bags until collection. However, there is no treatment to the residual oil from the boundary layer remaining inside the bottles. Oftentimes the used bottles are stored without lid, which facilitates soil contamination and oil flow to water springs. The bottles are often kept in inappropriate places until collection.
There are approximately 38 thousand gas stations in Brazil. When considering this number, the amount of waste generated becomes even more expressive and certainly its eviction will entail in chronic harm to ecosystems. 
